Abstract: Th e aim of the article is to identify the key structural, yield and economic determinants of the change in regional effi ciency of specialized milk farms over the period 2007 to 2011. Th e following quantitative methods were applied on the regional FADN data (panel data of 100 regions): the Malmquist productivity index, the Welsh two-sample t-test, and the linear regression analysis. Th e article put emphasis on the investment activity and investment subsidies allocated in the sample of regions. Th e results reveal that regions with a positive change in the production effi ciency have a signifi cantly higher average milk yield, maize yield, long-term debt ratio, income level, and investment activity than the regions with a negative change in the production effi ciency. On the contrary, investment subsidies per livestock unit do not signifi cantly diff er between the progressive and other regions. Investment subsidies are slightly higher in the regions with a negative change in the production effi ciency and continuously help them to mitigate the drop in technical effi ciency.
doi: 10.17221/112/2014-AGRICECON
Ongoing production improvement is essential for all business enterprises in competitive markets. The competitiveness of the European agriculture is strongly supported by the European funds, especially by the European Agricultural Fund for Rural Development (EAFRD) that targets on improving competitiveness through the Rural Development Programme (RDP). The RDP has started the new seven-year programming period since 2014. In order to evaluate the previous programming period [2007] [2008] [2009] [2010] [2011] [2012] [2013] , it is necessary to analyse the technical improvement and the technical efficiency of various farming specializations because each specialization is supported to a different extent.
Milk production is one of the key farming types in the EU. It has been realized either within the mixed type of farming (together with crop production and other livestock production) or in the specialized milk farms. Specialized farms are technologically demanding. Farms with the specialized milk production do not have the same significance across the EU. Špička and Smutka (2014) found out that the share of milk production in the specialised dairy farms within the total milk production in the EU ranges from one quarter (Czech Republic) to just under 100% (some regions in Spain and Portugal). Based on the regional view, they also revealed that the significant economic determinants of the production efficiency in the specialised dairy farming are the farm size, herd size, crop output per hectare, the productivity of energy, and capital (at a = 0.01). Specialised dairy farms in efficient regions have a significantly higher Farm Net Value Added per AWU than the inefficient regions. Agricultural enterprises in inefficient regions have a more extensive structure and produce more non-commodity output (public goods).
Production efficiency measured in time series gives information about production/technical improvement which is very important for every farm and region in order to draw level with best practice farms or regions. The improvement of agricultural productivity is a consequence of a more efficient use of production factors (Dharmasiri 2011) . The overall efficiency growth can be decomposed into technical efficiency change and scale efficiency. Existing empirical studies do not provide a clear-cut conclusion. Ohlan (2013) concludes that the decomposition of total factor productivity (TFP) growth indicates that growth is driven more by technical efficiency changes than by scale efficiency. Alternatively, Ahmad and Bravo-Ureta (1995) find out that most of output growth is attributed to the size effect and to a lower extent to the productivity growth. The sources of technical growth vary in time, doi: 10.17221/112/2014-AGRICECON space and specialization (Tauer 1998; Latruffe et al. 2004; Newman and Matthews 2007) ."
Growth of the production efficiency and production efficiency itself could be affected by the economic, structural and other (e. g. environmental) factors. Krause and Tondlová (2014) put emphasis on the proactive approach in environmental strategy as an important factor for sustainable development.
The most important factors which determine both the technical efficiency and the total factor productivity are those connected with the institutional and economic changes (Čechura 2012) . Machek and Špička (2013) discovered that productivity of agriculture does not necessarily follow the domestic economic cycle, since the output of the agricultural sector is largely dependent on the foreign demand as well as the weather conditions and other factors. The important fact is that the Common Agricultural Policy is a strong economic determinant of the technical efficiency in the EU. The current subsidies and regulations affect the efficiency of farms (Bakucs et al. 2010) . The question about investment subsidies has not been answered enough.
The farm structure, especially the farming intensity is a key determinant of the technical efficiency. More extensive farms and regions have a lower technical efficiency than the more intensive ones (Špička 2014) . The improvement in the technical efficiency in milk production requires adequate and quality veterinary services, the augmentation of feed and fodder resources at the farm, the integration with a formal marketing system, and scaling-up of the dairy enterprise (Bardhan and Sharma 2013, Sajjad et al. 2013) . Binici et al. (2013) revealed that if a farmer with an average efficiency improved the efficiency to that of the most efficient farmer in the sample, then the average dairy farmer could achieve significant cost savings. Furthermore, the technical progress in agriculture is significantly determined by the labour qualification (Mahjoor 2013) , the farm size (Munroe 2001) and the soil quality (Adhikari and Bjørndal 2011). However, the results based on the analysis of larger farms in the Czech Republic show that the size of the company does not have a statistically significant effect on the overall technical efficiency, because the effect of the scale efficiency is compensated by the effect of the net technical efficiency (Boudný et al. 2011 ).
Last but not least, Ferjani (2011) evaluates the effects of the environmental policy on the milk farming performance. The analysis of the farm level productivity for Swiss dairy farms does not provide any strong evidence that the farm productivity increased due to the environmental agreements.
The determinants of growth in the production efficiency of the specialized milk farms at the EU regional level in the context of investment and investment subsidies have not been empirically confirmed. The aim of the article is to set the key structural, yield and economic determinants of the change in the regional efficiency over the period 2007-2011 that represents a part of the previous RDP's programming period. The authors focus particularly on the effect of investments and investment subsidies on the improvement of specialized milk farms. The results attempt to answer the following questions and theses: (1) Which regions experienced the positive and negative changes in the technical effi ciency over the period 2007-2011? How do these two groups of regions diff er from the structural and income point of view? (2) The regions with growing technical efficiency have a higher average milk yield than the regions with decreasing technical efficiency. (3) The regions with growing technical efficiency have a higher average maize yield than the regions with decreasing technical efficiency (maize is the essential part of cows' feed). (4) The growth of the overall technical efficiency is significantly determined by the investment activity in the region. (5) The growth of the overall technical efficiency is significantly determined by investment subsidies allocated in the region.
METHODOLOGY
Productivity measurement is often carried out from two perspectives: the factor productivity (TFP) which takes into account all possible inputs and outputs of an industry (firm, process), the multifactor productivity (MFP) which deals with the relationship between the output and multiple input factors, and the partial factor productivity (PFP) which deals with the productivities of the individual inputs. The article deals with the use of the Malmquist index to quantify the change in a region's efficiency over a period of time.
A producer can be defined as an economic agent transforming a set of inputs x = (x 1 , x 2 ,…, x n ) into a set of outputs y = (y 1 , y 2 ,…, y m ). Generally, we consider the components of these vectors to be strictly positive. In order to define the Malmquist index of productivity (Caves et al. 1982) , let us consider a period during doi: 10.17221/112/2014-AGRICECON which the production has changed from (x t , y t ) to (x t+1 , y t+1 ). Let us suppose the output-maximizing approach which means the lesser the distance from a production frontier, the better the efficiency score. The Malmquist index of productivity for the period t, respectively for the period t + 1, would be the ratios The index can be further decomposed in the product of two terms (Färe et al. 1992 
The first term ΔTE reflects the impact of changes in the efficiency, which means that ΔTE > 1 as the technical efficiency improves and ΔTE < 1 as technical efficiency deteriorates. The second term ΔT captures the changes in technology (technical change) which can be expressed by the ability of a firm to produce more (or less) with the given level of inputs in t related to the levels feasible in t + 1. ΔT is the geometric mean of two terms, when the first term compares the two periods in terms of the period t data, and the second term the two periods in terms of the period t + 1data. ΔT > 1 as the technical progress occurred between the periods, while ΔT < 0 as the technical regress occurred between the two periods.
The Malmquist index evaluates the productivity change of a decision-making unit between two time periods and it is an example in the "comparative statics" analysis. In the non-parametric framework, it is defined as the product of "catch-up effect" and "frontier-shift effect" terms. The catch-up (recovery) term relates to the degree to which a decision-making unit improves or worsens its efficiency, while the frontier-shift (innovation) term reflects the change in the efficient frontiers between the two time periods (Cooper et al. 2006) .
The possibility of the decomposition into the technical efficiency and technology changes is one of the advantages of the Malmquist-type indexes. Among other advantages, we can mention that no assumptions have to be made on the behaviour of firms (optimizing behaviour) or returns to scale. However, the Malmquist index has also some disadvantages. In particular, it is necessary to estimate the real but unknown efficiency frontier using the econometric or mathematical programming methods, which involves the necessity of a large sample of data. For a more detailed discussion of the TFP measurement data issues, see e.g. Machek (2012) .
The input-oriented Data Envelopment Analysis model assumes variable returns to scale (DEAVRS method 1 ). The issue of the returns to scale concerns what happens to the units' outputs when they change the amount of inputs that they are using to produce their outputs. Under the assumption of the variable returns to scale, a unit found to be inefficient has its efficiency measured relative to other units in the data-set of a similar scale size only.
The Welch two-sample t-test 2 compares the distribution between two groups -progressive regions with the positive mean Malmquist index (μ 1 , group A) and degressive regions with the negative mean Malmquist index (μ 2 , group B). The null and alternative hypoth- . So, the one-sided test of the hypotheses is applied depending on the subjective assumptions about the efficiency determinants. The statistical analysis is processed automatically by the software NCSS 9.
DATA
The FADN database (Farm Accountancy Data Network), which annually collects the farm economic and structural results in the EU member states, provides structural and economic data in standard results. The complete data for the period 2007-2011 are available for 100 EU regions.
The farms involved were selected according to their economic size and the type of farming. The types of farming are defined in terms of the relative importance of different enterprises on the farm. The relative importance itself is measured quantitatively as a proportion of each enterprise's standard output to the farms' total standard output.
The second sampling criterion was the economic size of farms which is one of the criteria utilised to classify agricultural holdings according to the Community typology of the agricultural holdings. The FADN database converts the sample into the universe (field of survey) using a special weighting system. According to the FADN methodology, the weighting system is based on the principle of "free expansion": a weight calculated for the sample applies to each holding of the sample (extrapolating factor). In order to calculate this individual weight, the holdings in the sample and in the field of the survey are stratified according to the same three criteria: the FADN region, the type of farming and the economic size class. The individual weight is equal to the ratio between the numbers of holdings, of the same classification cell (FADN region x type of farming x economic size class), in the population and in the sample." Consider, for example, very large specialist dairy farms in Brittany. If there are 20 farms belonging to this group in the FADN sample and if there are 1000 in the total population, then each individual farm in the sample for that group will have the weight of 1000/20 = 50. To calculate the weighting factors, it is necessary to have an accurate and up-to-date field of survey. The FADN field of survey is a subset of the Eurostat Farm Structure Survey (FSS).
To ensure that the sample of farms adequately reflects the heterogeneity of the farm size, the field of observation was stratified before the sample of farms is selected. If this were not done, there would be a risk that the particular categories of farm (say, large dairy farms in one region, or small dairy farms in another region) would not be represented adequately (or at all) by the sample. Table 1 gives information about the state affiliation of the analysed regions. The table contains number of farms in the universe, i.e. the population of specialised dairy farms available in the period 2007-2011. It is important to emphasize that authors use data representing the whole population, not the sample.
Seven inputs and two outputs per weighted average farm are used for the efficiency calculation. Table 2 contains the basic descriptive statistics of the average farms.
The sample is heterogeneous. There is both a very small average farm size and a very large average farm size. Large farms are typical for the countries in the Central Europe (Czech Republic, Slovakia) and regions in the former Eastern Germany (Brandenburg, Sachsen, Sachsen-Anhalt , Thueringen, MecklenburgVorpommern). The average milk yield varies from 2619.44 kg/cow/year (Campania, Italy) to 9242.27 kg per cow/year (Cataluna, Spain). Dairy cows are bred extensively (0.48 LU per hectare of forage crops in Slovakia) and highly intensively (19.10 LU per hectare of forage crops in Malta). However, Malta is an extreme region. The second highest livestock density is 6.27 LU per hectare of forage crops in the Italian region Campania. The highest livestock density is in most-populous regions with the lack of pasturelands.
RESULTS
The analysis reveals 57 regions with the positive efficiency change (mean 1.031) and 43 regions with the negative efficiency change (mean 0.974) in the period 2007-2011. The highest mean Malmquist index was in the Italian regions Umbria (1.167) and Emilia-Romagna (1.083), the Spanish regions Cataluna (1.139), Castilla-León (1.081) and Navarra (1.077) and the German region Sachsen (1.077). On the oppo- The Czech Republic experienced a positive technology change (1.037) and ranked 17 th place in the sample of 100 European regions in the period 2007-2011. The milk production in the Czech Republic is in the spotlight of policy makers who consider the recovery and boost of cattle production as one of the political priorities in the upcoming period. Table 3 informs about the structural characteristics of progressive and other regions.
The average size of farms in regions with the positive change in the technical efficiency (group A) is not significantly higher than in the regions with the negative change in the technical efficiency (group B). Even if the average size of the group A is slightly higher than the group B, the difference is not statistically significant. It means that the size of farms does not significantly affect the efficiency improvement. Alternatively, the size of farm is a significant determinant of the static technical efficiency -the fully efficient regions are significantly higher than the inefficient ones (Špička and Smutka 2014) .
Milk production is highly labour intensive (Řezbová and Tomšík 2012 . Neither the total labour input (AWU) nor the labour input per dairy cow (AWU per LU) is a significant characteristic of the progressive regions. A statistically significant indicator at α = 0.1 is the labour input per hectare. Progressive regions have a significantly lower labour input per hectare but not per dairy cow. It is caused by a lower livestock intensity in the progressive regions as seen from the number of livestock units per hectare of the forage crops. Nevertheless, the difference in the stocking density is not significant between the two groups. It means that the farming intensity is not a statistically significant factor for the separation of regions with the positive and negative efficiency change. On the contrary, the yield indicators are significantly different between the two groups. The average milk yield is higher in regions with the positive efficiency change. An important factor of the increasing milk yield is a change in the structure of herds with dairy and versatile breed. An example from the Czech Republic shows that the development of dairy cows in the recent years points to the tendency of increasing the share of the dairy cow type (Holstein). In 2014, the share of the black-spotted Holstein breed in the total population of dairy breeds was 56.58%. The second most widely distributed breed is the Czech spotted breed with 38.26% share in the total population of the dairy breeds. The Holstein breed has a significantly higher annual milk yield (9275 l per cow in 2013) than the Czech spotted breed (6960 l per cow in 2013) according to the performance testing (Kvapilík et al. 2014) .
The milk yield results not only from the cows' breed purpose but also from the animal welfare and the nutritive factors. The increasing milk yield has been improved by a higher feed nutrition quality, the shift from the tethering housing to free housing, technology investments, upgrading buildings and equipment either with or without public support. So, increasing the welfare makes the milk yield higher and of a higher quality and safety. For example, Michaličková et al. (2013) confirm that the low technical efficiency is a result of the inefficient utilization of feeds (balance of feed mixture, losses of storage, the substitution of individual feeds) or the inefficient utilization of its production potential in relation to the given output level (milk yield).
Besides the milk yield, the regions with the positive change in efficiency have a significantly higher yield AWU is the unit of measurement of the quantity of human work supplied on each farm. This unit is equivalent to the normative work of one person, full time, for one year. According to the FADN definition, the FNVA is the remuneration to the fixed factors of production (work, land and capital), whether they be external or family factors. As a result, holdings can be compared irrespective of their family/non-family nature of the factors of production employed. Since it includes costs on external factors, it is a convenient technique to compare the different farm structures within the EU-27.
doi: 10.17221/112/2014-AGRICECON of maize that forms an important part of the cows' feed ration. However, the yield of maize in the progressive group A suffers from a higher variability. So, the conditions for ensuring feed are riskier. A higher yield but riskier growing conditions are typical in the more fertile regions. Concerning the structure of the utilized agricultural area, there is no significant difference between the two groups. The share of the rented agricultural land is almost the same in the group A as in the group B.
The analysis reveals important findings about the capital structure. Progressive regions (group A) have a significantly higher debt ratio. They use more long-term debts than the regions with the negative change in the technical efficiency. It indicates that the regions in the group A invest more in upgrading technical equipment and technologies using the long-term bank loans than the group B. This finding establishes hypotheses that the growth of the overall technical efficiency is significantly determined by the investment activity in the region and the investment subsidies allocated in the region. The investment activity is measured by the gross investment 4 and net investment 5 per livestock unit and the investment subsidies per livestock unit. Table 4 shows the results of testing the hypotheses. Figure 1 depicts the differences between the gross investments per livestock unit in the groups A and B.
Gross investments per livestock unit are significantly higher in the group A compared to the group B. It indicates that gross investments play an important role in improving the technical efficiency and the competitiveness of the specialized milk farms. As a consequence of the higher investment activity, the farms in progressive regions have a significantly higher depreciation. So, the net investments per livestock unit do not significantly differ between the two groups. Moreover, the two-sample test reveals that regions in the group A have a higher income indicator FNVA/AWU.
The variability of the gross investment per livestock unit is higher in the group A. The highest mean of the gross investment in the group A in the period 2007-2011 was in the Finnish regions (more than 1000 EUR/LU), Austria (882.7 EUR/LU), Denmark (840.6 EUR/LU) and the Netherlands (666.3 EUR per LU). All these regions experienced a positive mean change in the efficiency. On the contrary, the highest gross investment per livestock unit in the group B in the period 2007-2011 was in the Swedish region 4 Gross investment = purchases -sales of fixed assets + breeding livestock change of valuation. 5 Net investment = gross investment -depreciation. However, putting the Malmquist index as a dependent variable and the gross investment per livestock unit as an independent variable in the simple linear regression model, it can be seen that there is no significant relationship between the two variables. Table 5 contains results of the regression analysis.
An interesting finding is that regions with the positive efficiency change have a similar average investment subsidy level per livestock unit as the farms in the regions with the negative efficiency change. It would seem that investment subsidies are not important. The opposite is true. Investment subsidies should help the less competitiveness farms to come closer to the best ones. That is why the group B has slightly higher average investment subsidies per hectare than the group A. It is obvious that the group of ten most progressive regions keeps the annual efficiency change between 1.05 and 1.10. Ten worst regions with the lowest average Malmquist index sharply increased the value of the Malmquist index towards 1. It is important to emphasize that the average amount of investment subsidy in the bottom group of regions (10% percentile) was 41.96 EUR per livestock unit. Alternatively, the average amount of investment subsidy in the top group of regions (90% percentile) was only 22.96 EUR per livestock unit in 2007-2011. Nevertheless, the average gross investments per livestock unit did not significantly differ in the period 2007-2011: 268 .61 EUR/LU in 10% percentile, 240.28 EUR/LU in 90% percentile. It indicates that investment subsidies help the regions with the negative efficiency change to invest in the modernization of the technical equipment in order to be closer to the most progressive regions which are able to finance investments either through their own resources or in combination with bank loans. Without investment subsidies, the regions at the bottom of the rank would invest to a less extent or not at all.
CONCLUSIONS
The article focuses on the structural, yield and investment differences between the selected European regions with the positive and negative change of the technical efficiency in the period 2007-2011. Based on the Malmquist index, the statistical description and hypotheses testing, the results reveal some important findings related to the FADN regions. -Some regions in Spain and Italy experienced the highest positive shift of the technology change in the EU. The regions have an above-average income level measured by the Farm Net Value Added per AWU. On the contrary, three regions in Bulgaria ranked at the bottom. The Bulgarian regions have a below-average income level. Generally, the analysis proves that the regions with the positive change in the production efficiency have a significantly higher income level (FNVA/AWU) the than regions with the negative change in the production efficiency. -The regions with the positive change in the production efficiency have a significantly higher average milk yield and maize yield than the regions with the negative change in the production efficiency. It indicates that the herd breeding structure, the nutritional and the welfare factors are essential for improving the production efficiency. So, these areas should be supported from the new Rural Development Plan, especially in the low-income regions in order to shift towards the best practices. -Alternatively, there is no statistically significant impact of the farm size, labour and stocking intensity and the structure of the utilized agricultural area on the efficiency change. It is in the contradiction with the static technical efficiency measured in one year which is significantly higher in larger farms with a higher production intensity. -The regions with the positive change in the production efficiency have a higher average debt ratio and long-term debt ratio than the regions with the negative change in the production efficiency. Moreover, there is a higher gross investment activity and depreciations in the progressive regions. Nevertheless, the regression analysis does not prove the direct relationship between the Malmquist index and the gross investment per livestock unit. -The investment subsidies per livestock unit do not significantly differ between the regions with the positive and negative change in the production efficiency. Investment subsidies are just slightly higher in regions with the negative change in the production efficiency. Investment subsidies help them to reduce the decline in the technical efficiency and shift closer towards the best regions. The Common Agricultural Policy should prefer the 
